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Sincetheearly 1990's, the SouthPolestationin Antarcticahasbeenthe site of thedevelopmentandoperation
of the world's rst ice-Cherenkv neutrinotelescopesAMAND A andIceCube. The AMAND A telescope
wascompletedn 2000andhasbeenusedto searcHor the rst high-enegy neutrinosfrom beyondthe earth.
Thesuccessonw AMAND A, IceCubewill beakilometre-scaleeutrinoandair shaver detectowith unprece-
dentedsensitvity to astrophysicasourceof neutrinos.In this paperasummaryof theresultsirom AMAND A
andreporton the rst constructionseasorof the IceCubetelescopewill be given. The prospectgor neutrino
obsenationwith thefull IceCubearray slatedfor completionin 2010,will bediscussed.

1. Intr oduction to high energy neutrino astronomy

Thelong-anticipatedirth of experimentahigh-enegy neutrinoastronomypioneeredy the DUMAND col-
laboration hasbecomeareality with the constructiorandoperationof detectorsuchasAMAND A andLake
Baikal andinitial andplannedconstructiorof thenext generatiorof detectorsuchasiceCube[], ANTARES,

NESTOR, andNEMO. Theseinstrumentswill look for signatureof high-enegy neutrinosfrom someof the
2
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mostenegeticobjectsin the universe.Theneutrinoobsenationswill complemenandextendthe understand-
ing of the universecurrentlylimited to cosmic-rayparticleandphotonobsenations.

Eachof thesethreeprobesof the physicsof the high-enegy universehasits advantagesand disadantages
asa messengeparticle. Cosmic-rayparticles(protons,neutronsand heavier nuclei) arereadily detectedat
the earth, via space-borngarticle detectorsor via detectorsof the extensve air shavers that occur when
theseparticlesinteractwith the earths atmosphereHowever, dueto the changein directionof thesechaged
particlesvhenpropagatinghroughmagneticelds duringtheirtravel to theearth,informationaboutthesource
locationis lost. The neutronsdo of coursetracethe sourcedirectionbut at lower enegiesthey decaybefore
reachinghe earthandatthe highestenegiesthe sourcesretypically too far away for the neutrongo survive.
Thereis one potentialwindow for detectionof galacticneutronsat eV. High-enegy gammarays will
travel in straightlines andthus can point backto their source(as evidencedby the spectacularesultsfrom
the new generatiorof Air-Cherenkv gamma-raytelescopepresentedt this conference)however, thereis
reprocessingn sourcesandabsorptionof gammaraysfrom long distancesacrossthe universe, meaningthat
not all sourcesvould bevisible. For thosesourceghatarevisible, the natureof the acceleratiormechanism
is not known, with the potentialorigin usually suggesteds eitherelectromagneti¢synchrotrorradiationof
electrons,inverseComptonup-scatteringdf microwave photons)or hadronic(protoninteractionsproducing
pionsthatdecayto gammarays). High-enegy neutrinoswill propagaten straightlinesunabsorbedneaning
thatsourcesnvisible at otherwavelengthscouldberevealedhawever, thelow absorptiormakesthemdif cult
to detect.

The neutrinoscould solve the mysteryof the origin of the cosmicrays. A typical high-enegy cosmicaccel-
eratoris believedto consistof a compactobjectwherethe cosmicraysareacceleratedSomeof theseescape
andeventuallyendup detectedht earth.Someof theseparticleswill interactbothwith themselesandwith the
radiation elds in thevicinity of the acceleratoproducingboth chagedandneutralpions. The neutralpions
decayinto high enegy gammaraysandthe chagedpionsdecayinto neutrinos.Thus,the coincidentobsena-
tion of neutrinosandgammaraysfrom the samesourcewould be a clearindicationof hadronicacceleration,
suggestinguchanobsenedsourceis a cosmic-rayacceleratar

Many predictionshave beenmadefor the expectedratesof suchhigh-enegy neutrinos,both for individual
objectsandfor thesummedux of all objectsacrosshe universe.Expectation®f the existenceof detectable
ux esledto theconstructiorof the rst purpose-hilt high-enegy neutrinodetectorssuchasAMAND A, and

now, to the constructiorof the next generatiorinstrumentssuchaslceCube.

Constructionof the AMAND A-Il detectorbeganin 1995[7 at the South Pole station, Antarcticaand was
completedn 2000, resultingin adetectorconsistingof 677 opticalmodulesspreadacrossl 9 stringsdeployed
at depthsbetween1500and2000metresin the polarice cap. The optical propertiesof the detectormedium
have beenmeasuredvith in-situlight sourcesvithin thedetector[3. Mostof theopticalmoduleautilise analog
signaltechnologyin which pulsesaretransmittedvia electricalor bre optic cable.A prototypedigital string
wasdeployedaspartof the AMAND A detector[4 in orderto testnew technologiegor IceCube.

Neutrinosaredetectedn severalwaysby adeepneutrinotelescopsuchasAMAND A. All a voursof neutrino
will producehadroniccascadefrom chagedandneutralcurrentinteractionswithin andcloseto the detection
volume.TheCherenlpov light from thesecascadespreadsn aknown patternaway from theinteractionverte,
andsomeof this light is detectedy the opticalmoduleswith therecordedimesandamplitudesof the signals
usedto reconstructhe propertieof theoriginal neutrino.

Muon neutrinosmay interactwith the ice or rock far from the detectorin a chaged-curreninteraction,and
theresultingmuonmaytravel mary kilometresto the detectowhereit is detectedandreconstructedisingthe
recordednformationfrom its Cherenlov emissions.
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Cosmic-rayinteractionsin the earths atmosphergroducetwo typesof backgroundo a searchfor extra-
terrestrialneutrinos— atmospherianuonsand neutrinos. The atmospherianuonshave a maximumrangeof
the orderof kilometresandthusare detecteconly from above the detectoy thosecomingfrom belov being
absorbedy the earth. The atmospheriaeutrinoswill traversethe earthandbe detectedrom all directions,
althoughfor the downwarddirection(zenithangles0-90 degrees) their expectedrateis swampedby the rate
of the downward moving muons. Thus,the AMAND A detectorlooks down into the earth,seekingupward
moving muonswhich canonly have comefrom neutrinointeractions both atmospheriand extra-terrestrial
in origin. The detectionof an extra-terrestrialneutrinosignal requiresfurther rejectionof the atmospheric
neutrinoshasedn thetheenegiesof thedetectedvents.

The rst evidenceof high-enegy atmospherimeutrinosin AMAND A camefrom the 1997 dataset, where
in the initial analysis,16 candidateeventsremainedafter rejectionof the downward moving atmospheric
muon ux. Furtherimprovementof eventselectiontechniques[bled to the extractionof about300 neutrino
candidate$rom the 1997data[6 7].

Currently utilising the four-yeardatasetcollectedin 2000-03,several thousandatmospheriaeutrinoshave

beendetected[R As onetightensthe event selectioncriteria, a clear separatiorof upward moving atmo-

sphericneutrincinducedmuonscanbeenseerfrom themorealundantux of downwardmoving atmospheric
muons[9, asshavn in gure 1, wheredatais comparedo expectationdrom Monte-carlosimulationsof at-

mospherimeutrinosandmuons.No evidenceof a seasonalariationin theatmospherimeutrino ux hasbeen
seen[1(.
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Figure 1. Atmospheric neutrinos and muonsin AMAND A. As the quality selectionof eventsis tighteneda clearsep-
arationis seenbetweerthe upward maving atmospherimeutrino-inducednuonsandthe downward moving atmospheric
muons.

The searchfor extra-terrestriaineutrinosandthe study of potentialcosmic-rayacceleratiorsitesis just one
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topic of interest. Otherinterestingneutrinosignaturesarefrom exotic particles— e.g. WIMP annihilationin
the centreof the earthandsun,topologicaldefects,or low enegy neutrinosfrom supernwae,detectedsia an
increasan the noiseratesof the sensorgluringa burst. A deepparticledetectolin conjunctionwith asurface
air shaver arraycanalsostudythe compositionof the cosmicraysaroundthe kneeof the spectrum.

Following in thefootstepsof AMAND A, thekilometre-scaldceCubeneutrinoandair-shover detectoris now
underconstructiorat the SouthPolestationin Antarctica. This detectomwill consistof a deep-icecomponent,
48000ptical sensorsleployed across80 stringsat depthsfrom 1400-2400metres,anda surfacecomponent,
the IceTop air shaver array consistingof 80 stationsof 4 optical sensorsleployedin ice tanks. The current
IceCubecollaborationconsistsof peoplefrom 28 institutionsfrom acrosshe USA (13), Europe(13), Japan,
andNew Zealand.

2. Resultsfrom AMAND A

TheAMAND A datahave producednary interestingphysicsresults,andrecentupgradeso thedataacquisition
systemwill furtherenhancehetelescopeapability The mainresultsandrecentupgradesaresummarisedn
this section.

2.1 Diffuse neutrinos

The AMAND A detectorhasbeenusedin the searchfor diffuseneutrino ux esvia both muonand cascade
detectionmethodsgachwith its uniqueadvantagesNeutrino-inducednuonsthatinteractfar outsidethe de-
tectorcanbeseerdueto thelong rangeof high-enegy muons[9 11], enhancingheeffective detectiorvolume.
Cascade-likevents[12 13] from chagedandneutralcurrentinteractionglepositmostof theirenegy insideor
closeto thedetectovolume,allowing betterprimaryneutrinoenegy determinationin bothcasesthenumber
of detectoroptical modulechannelq ) registeringat leastone Cherenkv photonis usedasanenegy es-
timator. Anothertechniquds to “unfold” the neutrinospectrum[14 usingaregularisedunfoldingtechnique.
Sincethe numberof unfoldedeventsin the nal enegy spectrumdoesnot follow Poissorstatistics,a series
of simulateddatasetsare constructedwith variouslevels of signal contritution, thenunfoldedto determine
probability distribution functionsfor the con denceinterval construction.The muondetectionchannelanaly-
sesplacelimits of the muon-neutrinoux esattheearth[11 9, 14], while the cascadehanneis usedto place
“all- a vour” limits on the total ux of muon-, electron-andtau-neutrinoux esat the earth[12 13, 15, 16]
requiringan assumptioron the avour ratio, which is takenas1:1:1, assuminghat neutrinosare maximally
mixed dueto oscillationsduring their travel to the earth. Underthe maximalmixing assumptionthe muon-
neutrinolimits at earthcanbecorvertedto all- a vour limits by multiplying by three. The diffuseanalysesre
further divided into enegy ranges.In the TeV-PeV enegy range[1§, extra-terrestriahneutrinoscantraverse
the earthandbe detected.At higherenepies,the earthbecomeopaqueto the neutrinosandthusthe region
aroundthe horizonis examinedfor excesse®f eventsabove theatmospherienuonandneutrinoexpectations.
Tablel summariseshevariousdiffuseanalyseshathave beenperformedwvith AMAND A data.For each the
typeof analysis sensitve enegy range(90% of events),andlimit onan ux is given.

Thegalacticplaneis a potentialsourceof high-enegy neutrinosin the AMAND A detectoywith the neutrino
ux expectedto resultfrom the interactionof cosmicrayswith the matterconcentratedh the galacticplane.
This searchinvolveslooking for an excessof eventsfrom a region extendinga few degreeseitherside of the
galacticplane.Thesensitvity of AMAND A to detectgalacticplaneneutrinosvasdeterminedo bewell abore
thepredictionsandindeedthis searcifoundno signi cant excesof events,andlimits wereplacedwhichwere
in line with the expectedsensitvity[17].
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Table 1. Summary of AMAND A diffuse neutrino ux results,1997-2003 Theresultslabelled“muon” arefor analyses
sensitve to neutrino-inducednuontracksin the detector and give limits on the muon-neutrinoux at earth. The “all-
avour” analysesresensitie to eventsfrom muon,electronandtau neutrinos,andplacelimits on the total neutrino ux
at the earth,assuminga 1:1:1 avour ratio dueto maximalmixing neutrinooscillationsduring propagatiorto the earth.
Assumingthis 1:1:1 a vourratio, the muon-neutrindimits may be convertedto all- a vour limits by multiplying by three.

Dataset Detectionchannel Neutrino enemy range Limit ( ) Reference
TeV
1997 muon [11]
1997 all avour [16]
1997 all avour [12]
2000 all avour [13]
2000 all avour * [15]
2000 muon,unfolding [14]
2000-03 muon * [9]

* analysisn progresssensitvity only

2.2 Point sourceneutrinos

Thenorthernsky hasbheensearchedor steadystateandtime variablepoint source®of neutrinosusingfull-sky
searcheandsearchesor speci ¢ objects,usuallybasedn obsenationsin gammaraysor otherwavelengths.
Analysesperformedon the 1997[1§, 2000[19 and2000-02[20 datasetshave yielded no evidencefor the
existenceof point sourcef neutrinos.Recently the four-yeardatasetfrom 2000-03hasbeenanalysed[R
Figure2 shavsthe sensitvity andneutrinoeffective areafor the eventselection gxpectedio be dominatedoy
atmospherineutrinos.The sky mapof the northernsky, containing3329upgoingevents,anddistribution of
signi cancesareshovnin gure 3. No evidencefor theexistenceof apointsources seen.Limits aretypically
in therange = . Limits (integrated ux esabove 10 GeV) for speci ¢
sourcesireshownn in table2. Thetime-variability search[2] yieldedno signi cant correlationf theneutrino
eventsto ary pre-determineabjects.However, ana posterioriobsenation of threeeventsin time correlation
with the blazar1ES 1959+650,while not statisticallysigni cant, hasgeneratednterestin the possibility of
a future signi cant obsenation of sucha correlationof neutrinoobsenationswith ary gamma-raysources.
In the regime betweena completelydiffusesearchandindividual point sourcesearchthereis the methodof
a stackingsearch,in which the obsenationsfrom classewf objectare summed. This search[2P found no
signi cant excesse®f eventsfrom a seriesof eventclasses.

2.3 Gamma-ray bursts
Gamma-rayburstsareamongsthe mostenegetic objectsin the universe.They have beenroutinely detected

by satellite-bornaletectorsuchasBATSE,HETE-II, andSwift. Themechanisnof gamma-rayroductionis
unknown. Thereis speculatiorthattheseburstsaretheresultof hadronicaccelerationandthusthatthey could
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Figure 2. Left: Sensitvity of AMAND A-1l asa function of declination( ), for a signalspectralindex of 2. Theresults
for individual yearsandfor the combineddatasampleare shavn. Right: Neutrinoeffective areafor AMAND A-Il asa
functionof the neutrinoeneny.
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Figure 3. Left: Sky plot (in celestialcoordinatespf the selected3329 up-goingneutrinocandidatesventsobsered in

AMAND A-ll. Right: Signi cance mapfrom a scanof the northernsky to searchfor event clusters. The signi canceis
positive for excessesndnegative for de cits of events(comparedo the expectedbackground).

bethesiteof acceleratiorof the highestenegy cosmicrays[23. Obsenationof neutrinosin coincidencewith
the burstswould con rm the hadronicacceleratiortheory The searchfor neutrinosis straightforvard— the
satelliteobsenation pinpointsthe locationin spaceandtime of the burst,which is thensearchedor neutrino
eventsin excessof expectedbackgroundswhich areaccuratelydeterminedrom the the on-sourcepff-time
data. The expectednumberof eventsfrom a burstis determinedrom simulationsof the detectorresponse.
Several typesof searchhave beenperformedwith AMAND A, utilising both muon and cascadedata, and
testingvariousmodelsof gamma-rayproduction.Themuon-neutrinsearchesitilise the full power of spatial
andtemporalrejection,whereaghe cascadesearchesgespitethe lack of directionalinformation,make use
of bettereventenegy determination.Onetype of analysisassumeshatthe sumof all the GRBsproducesa
neutrinospectrumbasedon averageburst parametersasdescribedoy WaxmanandBahcall[24 25]. In the
othertype of analysis,eachburstis individually modelledbasedon experimentalobsenation of gammaray
emissionredshift, etc.,andthe analysesndividually tailoredto the speci ¢ prediction[2§. Datacoincident
with gamma-rayourstsfrom 1997-200have beenexaminedfor neutrinoemissionandno excessesiave been
obsenred. Limits ontheemissionof neutrinoshave beenplaced.

2.4 Searchesfor neutralino dark matter

Recentesultsfrom experimentabosmologysuggesthatabout23%of theuniverses madeup of non-baryonic
cold dark matter Minimally supersymmetriextensionsto the StandardModel predictthe existenceof the
neutralino,in the massrangeGe\+TeV, which is a candidatgor the cold dark matter The particleswill lose
enegy andbecomegravitationally trappedn the centresof objectlik e theearthandsun,wherethey pairwise
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Candidate () (h) | Candidate () (h)
TeVBlazars

Markarian421 38.2 11.07 6 56 0.68 | 1ES2344+514 51.7 23.78 3 49 0.38
Markarian501 39.8 16.90 5 5.0 0.61 | 1ES1959+650 65.1 20.00 5 37 10
1ES1426+428 42.7 14.48 4 43 054

GeVBlazas
QS00528+134 13.4 552 4 50 0.39 | QS00219+428 429 2.38 4 43 0.54
QS00235+164 16.6 2.62 6 5.0 0.70 | QS0O0954+556 55.0 9.87 2 52 0.22
QS01611+343 344 16.24 5 5.2 0.56 | QSO0716+714 713 7.36 1 3.3 0.30
QS01633+382 38.2 16.59 4 56 0.37

Microquasas
SS433 50 19.20 2 45 0.21 | CygnusX3 41.0 20.54 6 50 0.77
GRS1915+105 10.9 19.25 6 48 0.71 | XTEJ1118+480 48.0 11.30 2 54 0.20
GRO J0422+32 329 436 5 51 0.59 | ClCam 56.0 4.33 5 51 0.66
CygnusX1 35.2 19.97 4 5.2 0.40 | LSI+61303 61.2 2.68 3 3.7 0.60

SNR& Pulsars
SGR1900+14 9.3 19.12 3 4.3 0.35 | CrabNehlula 220 558 10 54 1.3
Geminga 179 6.57 3 5.2 0.29 | Cassiopeid 58.8 23.39 4 46 0.57

Miscellaneous
3EGJ0450+1105 11.4 4.82 6 47 0.72 | J2032+4131 415 20.54 6 53 0.74
M 87 124 1251 4 49 0.39 | NGC1275 415 3.33 4 53 041
UHE CRDoublet 20.4 1.28 3 5.1 0.30 | UHECRTriplet 56.9 11.32 6 47 0.95
AO 0535+26 26.3 5.65 5 5.0 0.57 | PSRJ0205+6449 64.8 2.09 1 3.7 0.24
PSR1951+32 329 19.88 2 51 0.21

Table 2. Resultsfrom the AMAND A-ll searchfor neutrinosfrom selectebjects. is the declinationin degrees, the
right ascensiorin hours, is the numberof obsered events,and  the expectedbackground. is the 90% CL
upperlimit in unitsof for aspectraindex of 2 andintegratedabove 10 GeV. Theseresultsarepreliminary
(systematierrorsarenotincluded).

annihilateto produceneutrinoswhich maythenbe detectedn a high-enegy neutrinodetector No excesses
of eventshave beenobsenedfrom the earthor sunandlimits have beenplacedon the ux esexpectedunder
variousassumptionsf neutralinomassandMSSM parameters[289]. The AMAND A limits arecompetitive
with thosefrom otherneutrinodetectorsbut the neutrinodetectotimits do notyet excludetheregionsreached
by thedirectdetectionexperimentCDMS.

2.5 Searchesfor supemova neutrinos

The low-enegy neutrinosdetectedrom the supernea 1987Aby the IMB andKamiokandeexperimentsher

aldedthe birth of extra-solarmeutrinoastronomy The AMAND A telescopethroughmonitoringof the count
ratesacrosghe opticalmodulesin thearray is sensitve to low-enegy superneaeelectronanti-neutrinoghat
interactwithin the detectorvolume, producingpositronsthat emit detectabldight. An analysisof the data
takenin 1997and1998yieldeda 90%con dencelevel upperlimit of 4.3superneaein the galaxy[3Q.

2.6 Cosmicray composition

The combinationof the SFASE air shover detectorandthe AMAND A detectorprovidesa powerful tool for
cosmicray compositionstudies.The SFASE arraymeasureshe electroncomponenof the air shaversat the
surface,andthe AMAND A arraymeasureghe propertiesof the muonsproducedn the air shavers. Togethey
thesepiecesof informationprovide ameasurmendf the masscompositionof thecosmicraysaroundtheknee
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of the spectrum.Analysisof the coincidentSFASE-AMANDA datacollectedduring 1998[31] indicatesthat
the compositionof the cosmicraysbecomeseavier astheenepgy increaseshroughthe kneeregion.

2.7 Newinstumentation for the AMAND A data acquisition system

Completionof anupgradeto the AMAND A dataacquisitionsystemwasaccomplishedn January2003with
the additionof transientwaveformrecorders[3Rto eachof the optical sensoreadoutsanda new triggering
system[33 wasaddedin January2005. TheseTWRsrecordthe completeshapeof the pulsetrain arriving at
the surfacefrom the modules.Thus,the full informationis availablefor analysis,jn constrasto the standard
muon DAQ which is basedon time-to-digital (leadingedgeof pulses)andanalog-to-digitakcorverters(peak
voltageof pulses).This systemwaslimited to eightedgeperopticalmodulepertriggeredeventandonly one
pulseheightmeasurmentThe additionof the TWR systenmshouldbe particularlyusefulfor bright eventswith
mary photons.

3. IceCube

The IceCubedetectoris underconstructionat the SouthPole. IceCubewill consistof two components- a

kilometre-scal@eepice arrayof 48000pticalmodulesacros80stringsatdepthdrom 1450to 2450metresand
akilometre-scalesurfaceair shaverdetector(IceTop), with 80 stationdocatedatthesurfaceabove eachstring.

EachlceTop stationwill containfour optical modulesdivided betweentwo ice tanks. Eachoptical module
consistf aten-inchphotomultipliertube[34, whichis readout by a recordingdevice thatdigitisesandtime

stampsthe recordedwaveformsbeforethey are sentto the surface dataacquisitionsystemfor processing.
The DAQ assemblesecordedwaveformsinto completeevents, which are then reconstructed,ltered and

transmittedvia satelliteto the collaborationfor analysis.In this sectionwe summarisehe performancef the

rst instrumentationthe constructionschedulefuture technologiesand nally the expectedperformanceof

thefull telescope.

3.1 First instrumentation and initial performance

The rst instrumentatiorwas deployed in 2004-05,with four IceTop stationsand one deep-icestring now
in operation. The IceTop stationswere deployed early in the australsummerseasonand the single deep-
ice stringwasdeployedin late January After completionof the hot waterdrilling of the hole, the complete
deploymentprocess- attachmenbf the 60 modules,Jowering, and securingof the string atits nal depth—
took a total of 18 hours. Commissioningf the stringincludedcommunicationgestsandinitial performance
testsof themodules.e.g. time calibration,noiseratechecksandon-boardLED asher runs. Oncethe string
andlceTop tankswerefrozenin, more advancedtestswere performed,in which atmospherianuonsandair
shaverswerereconstructedyothasseparataletectoraandin coincidence Theresultscomparegavourablyto
expectations[3536).

3.2 Construction schedule

Following the succes®f the rst deploymentseasonthe constructionschedulecalls for up to 12 stringsto
be deployedin 2005-06,followed by ve more season®f 16-18strings,taking the detectorto completion
in early 2010. Physicsdata-takingwill be routine during the constructioncycle, and before completion,a
square-kilometre-yeaaxposureof datawill have beenaccumulated.
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3.3 Futuredevelopment

Thevery highestenegy neutrinosin the universeareexpectedo be producedvhencosmicraysinteractwith
the cosmicmicrowave backgroundradiation. The plannediceCubedetectorwould be ableto detectof the
orderof oneof theseGZK neutrinosperyear Potentialenhancement® the IceCubearraycouldincludethe
additionof radioandacoustiaeceverson a grid expandingseveralkilometresaway from the lceCubeoptical
detectomwhich would increase¢he numberof detectedsZK neutrinosby anorderof magnitude[3F.

3.4 Expectedperformanceof the full IceCubetelescope

The performancepotential of lceCubehasbeenestimatedwith a full simulatiomchain[3§, basedon the
AMAND A simulationpackagesBoth downward moving atmospherianuonsandupward moving neutrino-
inducedmuonsweresimulatedandusedto assesshecapabilityof thedetectorto obsere diffuse ux es,point
sourcesandgamma-rayoursts. The reconstructioimethodswverethosefrom AMAND A[5], ignoringfor now
the full waveform informationthat IceCubewill measure.A simple Itering schemewas implementedto
reducethe atmospherianuonsto a level at which only upward moving neutrino-inducednuonsshouldbe
seen(referredto as“level 2”). The angularpointing resolutionis shovn in gure 4. A medianresolutionof
betterthan is seenfor eventsof enepgiesgreaterthanl TeV. The effective areafor muondetection( gure
5) exceedghe geometrickilometreareafor muonenegiesabove 10 TeV andgrowsto 1.4 kilometre-squared
for eventsfrom 1-100 PeV From this point, the event selectionswere optimisedfor the bestlimit setting
sensitvity[39] for eachtype of analysis.

For the caseof a searchfor a diffuse ux following an spectrum the distribution of the true neutrino
enegiesareshavn in gure 6 for the level 2 selectionandafter a cut on the numberof channely  )that
recordedphotons. The left-mostplot shavs the true enegy distribution for the neutrinospectrumand
shaws that after the optimal cut at 227 red channelsithe detectoris mostsensitve to neutrinosat about1
PeV Theright-mostplot shavs the samedistribution of enegiesfor theatmospherimeutrinos.Table3 shavs
the expectedsensitvity to an ux for variousexposuretimes. For example,afterthreeyearsof livetime,
the optimal cut would be at 224 channelswhere18.4 backgroundatmospherigieutrinoswould remain. An

ux of level correspondingo the presentAMAND A-ll four-yearsensitvity would produce204.8events
above this backgroundandbereadilyobsened. If only thebackgroundventswereobsered,thelimit onthe

ux would be at a level of , abouta factor30 lower than
thecurrentAMAND A-1l sensitvity. A true ux of strengthone-tenthof the currentlimit sensitvity would be
detectableta level overthesamethree-yeaperiod.

Similarimprovementsn sensitvity overthatof AMAND A-1l areexpectedfor point sourcesearchesassum-
marisedin table2. Theindividual point sourcelimits shovn for AMAND A-Il objects(table 2) aretypically

of the level neutrinos , integratedabove 10 GeV. This correspondso a limit on the nor-
malisationof the differential ux of , which canbe directly
comparedo thelimiting anddiscovery ux esin table4. For threeyearsof IceCubedatataking, thelimit is
at , afactor25 betterthanAMAND A-Il, anda point sourceof

strengthaboutone-tenttof the AMAND A-Il limit wouldbeobseredata  level of signi cance.

For the caseof gamma-raybursts,lceCubewould needto obsene only 100 satellite-coincidenburststo rule
outthe Waxman-Bahcalpredictionat 90% con dencelevel, andobsenrationof about500 burstswould yield
a obsenationif this ux weretrue.
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Figure 4. Pointing resolutionfor neutrino-induced muon eventsin IceCube. Shawn is the medianspaceangleerror
of thelikelihoodreconstructiorasa function of the zenithangleof the incidenttrack. The medianwas calculatedfor an
enegy spectrum andafterapplyinglevel 2 cuts.

4. Conclusions

The last decadehas seenthe fruition of the rst large ice and water Cherenkv neutrino detectors. The
AMAND A telescopéiasbeenproducingusefulphysicsdatasincel1997which hasbeenexaminedfor evidence
of high-enegy extra-terrestriaheutrinosdarkmatter andsuperneae,andhasalsobeenusedto measureos-
mic ray properties As yet, no sourcef high enegy neutrinoshave beenseenhowever usefulconstrainton

astrophysicamodelshave beenset. The IceCubedetectoy a kilometre scaledetectoralsoat the SouthPole,
will improvethesensitvity of currentdiffuseandpointsourcesearchedy afactorof 30 andhopefullyleadto

mary interestingandsurprisingdiscoveriesaboutthe natureof the universe.

5. Acknowledgements

GCHwishego thankTom GaisserGaurangrodhandSureshiTonwarfor providing theunexpectedpportunity
to presenthe AMAND A/lceCubehighlight talk atthe 29thICRC in Pune.

ThelceCubecollaboratioracknavledgeshe supportof thefollowing agenciesNationalSciencd-oundation—
Of ce of Polar Programs National ScienceFoundation—PhysicBivision, University of WisconsinAlumni
Researctroundation Departmentf Enegy, andNationalEnegy Researclscienti c ComputingCenter(sup-
portedby the Of ce of Eneigy Researclof the Departmenbf Enegy), the NSF-supportederaGridsystems
at the SanDiego Supercompute€enter(SDSC),andthe National Centerfor Supercomputingpplications
(NCSA); SwedishResearchCouncil, SwedishPolar ResearctSecretariatand Knut and Alice Wallenbeg



12 Gary C. Hill etal.

[ N LN .| = T T =1

‘E 14 W . ‘E 22F 3
2 ] £ ,F A Trigger E
52 BBk ] S8 3
< : ] <18 @ Level 2 1
1 . 16 =
A, A A ] 14E E

“or E 12 E
06" Lo o0 0 ] 1& E

A . 08 [ =

0.4F X 1-100 PeV ] 065 o E

- 0] 100Tev-1Pev | % ] 0.4F —— o Nyy>20 ]

0.2r A 1TeV-10TeV - F - N.>30 7

L 0 100GeV-1TeV 1 02t ok * Nen :

P R R NS SR R N C >* | | L |

0; 05 o 1 N ® T s 4 s 6 7 s
cos Q log ,,(E,/ GeV)

Figure 5. IceCube effective area asa function of the zenithangleafter applyinglevel 2 cuts (left) and asa function of
the muonenegy for differentcut levels asdescribedn the text (right). The zenithdependencé shavn separatelyfor
differentintenalsof . Theenegy dependencholdsfor muonsfor which , i.e. muonsthatarrive from the
northernsky. Enegy cutsadjustedo signalspectraollowing and power laws changethe enegy threshold.

FoundationSwedenGermarMinistry for EducatiorandResearcheutschd-orschungsgemeinschéBFG),
Germaly; Fundfor Scienti c ResearcfFNRS-FW0), Flandersinstituteto encouragescienti ¢ andtechno-
logical researchn industry (IWT), andBelgian FederalOf ce for Scienti ¢, Technicaland Cultural affairs
(OSTO).



Neutrinoastronomywith IceCubeand AMANDA 13

E 10 " E E 104 E
()] E ERN <)) E E
> L2 1> i
; 10 3:, E n... . Level 2 - ; 10 3:, Atm n .
I - Nyc2 15
> r 1> r
L 10 2; E L 10 2; -
10 & = 10 & =
1 E 1 E
10'17‘ | L | L 10'17”H\HH\HH\HH\HHHHH [
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
log ,(E,,/ GeV) log ,(E,,/ GeV)
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thesignalspectrumat  GeVis dueto thelimited enegy rangeof simulation.

Table 3. Sensitvity of IceCube to diffuse neutrino uxes. Expectedimits and minimal detectableux esin units of
for ageneric sourcespectrum.Eventnumberscorrespondo a hypotheticaksourcestrengthof

years Cut — —
1 227 764 8.0 6.1
3 244 204.8 18.4 8.7
5 276 2725 18.0 8.6

Table 4. Sensitiity of IceCubeto point sourcesof neutrinos. Expectedimits and minimal detectableux esin units

of for ageneric sourcespectrumanddifferentexposuretimes. Signalevent ratescorrespondo a
hypotheticakourcestrengthof , backgroundeventratesincludergpm charm
neutrinos.

years Cut — —

1 30 628 14 36

3 40 1423 13 35

5 42 2137 14 36
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